and El Oualidi, 2000) , as well as at specific and subspecific levels Sebebe and Harley, 1992; Servettaz et al., 1992; Giuliani et al., 2008) . Trichomes are widely distributed over the aerial reproductive and vegetative parts of the members of Lamiaceae and are ordinarily distinguished as glandular and nonglandular trichomes. Micromorphological characters, especially trichomes, are among the most useful taxonomic characters in Teucrium L. Their absence or presence and their typology have a significant role in the infrageneric classification of the genus. Several studies on the trichomes of Teucrium species are available (Antunes and SevinatoPinto, 1991; Bini Maleci and Servettaz, 1991; Bini Maleci et al., 1995; Navarro and El Oualidi, 2000; Grubesic et al., 2007; Dinç et al., 2008 Dinç et al., , 2009 Dinç et al., , 2011a Dinç et al., , 2011b Eshratifar et al., 2011; Dinç and Doğu, 2012; Kremer et al., 2012; Doğu et al., 2013) .
The objective of the current study is to investigate the leaf and nutlet micromorphological characters of some species of sect. Teucrium and to determine the systematic value of these characters in specific and infraspecific segregation of the taxa.
Materials and methods
Most of the materials used for this study were collected from natural habitats and different localities in Turkey by the authors. Some samples were provided by the ISTE herbarium (Table 1) . Voucher specimens were deposited in the herbarium of the Faculty of Pharmacy, İstanbul University (ISTE). The nutlets were preliminarily observed using a light microscope to make sure that they were of normal size and maturity. For scanning electron microscopy (SEM) analysis, at least 3 samples were prepared. The samples of nutlets and leaves were mounted on stubs and coated with gold before they were studied with an FEI Quanta 450 FEG-EDS scanning electron microscope.
Descriptions and abbreviations of indumenta based on Navarro and El Oualidi (2000) are as follows ( F4. Short, thin-walled, 2-3-celled trichomes densely covered by micropapillae, with the apical cell elongated, slightly crumpled or falcate.
F5. Elongated and flexuose, with thin-walled 3-7(-11)-celled trichomes, with distinct internodes, the apical cell acute with micropapillae, the basal cell smooth, each cell transverse to the preceding one.
G: Thick-walled, 3(-5)-celled, falcate, erect or sometimes slightly curved, the basal cell with smooth trichomes.
H: Very long intertwined trichomes, fibrous-like, sometimes coalescent.
I: Vermiform hairs, thick-walled with elongated cells.
Results
Nutlet and leaf micromorphological characters of 13 taxa belonging to Teucrium sect. Teucrium in Turkey were examined in detail in this study.
Micromorphological characters of nutlets
Nutlets of Teucrium sect. Teucrium are light to dark brown or brown-black in color. Their sizes are 1.8-4.7 mm in length and 1.0-3.1 mm in width. The shapes are elliptic, obovate, oblong, or rotund. Nutlet surface is generally alveolate but there are some specific differences in depth among species. In some species, such as T. creticum and T. multicaule, the alveoli are deep, while in others, like T. brevifolium and T. alyssifolium, the alveoli are shallow. Some species, like T. pestalozzae and T. ekimii, have longitudinal ridges (Figures 1 and 2 ). Nutlets are densely or sparsely covered with trichomes. Five different trichome types were observed on the nutlets (Table 2 ). The glandular trichomes are of A and B type. The nonglandular trichomes are of F2, F4, and F5 type. Branched trichomes were not found on the nutlets of sect. Teucrium (Figures 1 and 2) .
B-type trichomes are distributed on the nutlets in all taxa. A-type trichomes are rarely located on the nutlets of T. orientale var. glabrescens and T. parviflorum. F2-type trichomes are present on the nutlet surfaces of T.
creticum, T. alyssifolium, T. pseudaroanium, T. orientale var. orientale, T. orientale var glabrescens, T. multicaule, T. pruinosum, and T. parviflorum. F4-type trichomes are distributed on the nutlets of T. brevifolium, T. pestalozzae, T. ekimii, T. multicaule, T. orientale var. orientale, T.
orientale var. puberulens, T. pruinosum, and T. parviflorum. F5-type trichomes are found only on the nutlets of T. pseudaroanium (Figures 1 and 2 ).
Micromorphological characters of leaves
The micromorphological characteristics and distribution of trichomes of Teucrium taxa in Turkey showed a considerable variation in trichome structure on the surfaces of leaves. Eight different unbranched trichome types were observed on the leaves of sect. Teucrium; no branched trichomes were found (Table 2) .
Adaxial and abaxial surfaces of the leaves of Teucrium taxa have same or different types of trichomes. The abaxial and adaxial surface trichome morphologies of T. brevifolium, T. sandrasicum, T. alyssifolium, T. parviflorum, and T. orientale var. orientale are completely the same but other taxa are partially or completely different ( Figures  3-5) .
B-type trichomes generally occur on the leaf surfaces of most taxa, but not on those of T. sandrasicum and T. brevifolium (Figure 3 ).
F1-type trichomes are present on both leaf surfaces of T. orientale var. orientale and on the adaxial surface of T. orientale var. puberulens. F2-type trichomes are distributed on the adaxial and abaxial surfaces of T. orientale var. orientale and T. parviflorum. F4-type trichomes are located on the adaxial surface of T. orientale var. glabrescens. They are also located on both leaf surfaces of T. pruinosum. F5-type trichomes are located on the adaxial sides of T. creticum and T. pruinosum (Figures 3-5) .
H-type trichomes are located on both leaf surfaces of T. alyssifolium and T. sandrasicum. They are also present on the abaxial surface of T. multicaule (Figures 3 and 4) .
G-type trichomes are distributed on both leaf surfaces of T. brevifolium and T. pestalozzae. They are also present on the adaxial surface of T. ekimii and T. multicaule (Figures 3 and 4) .
I-type trichomes are present on the abaxial surface of T. ekimii and T. creticum, and on both leaf surfaces of T. pseudaroanium (Figures 3 and 4) .
In this study the nutlet and leaf features of T. pestalozzae, T. ekimii, T. orientale var. puberulens, T. pruinosum, and T. multicaule are reported in detail for the first time. The leaf features of T. alyssifolium and T. pseudaroanium are also described in detail for the first time (Figures 1-4) .
Discussion
Trichomes are among the most useful taxonomic characters in the genus Teucrium. Their absence or presence and their typology can be used as taxonomic markers in the Servettaz, 1991; Marin et. al., 1994; Navarro and El Oualidi, 2000; Torke, 2000) . Navarro (2000) considered sects. Teucrium and Teucriopsis the most distinct sections of the genus. Marin et al. (1994) and Harborne et al. (1986) suggested that sect. Teucrium is totally separate from the other sections of the genus. The summarized results of nutlet characteristics show the presence of glandular and nonglandular trichomes in all sect. Teucrium taxa. These morphological results are supported by phytochemistry. A study of flavonoids in European Teucrium found that flavonol glycosides were characteristic of the section Teucrium but absent from all other taxa (Jeffrey et al., 1986) .
In Flora of Turkey (Ekim, 1982) , the section Teucrium was divided into 2 groups based on leaf fragmentation and other morphological characters. In the first group most of the leaves are 2-3 pinnatipartite (T. multicaule, T. orientale, T. parviflorum, and T. pruinosum) . In the second group the leaves are entire or rarely subentire (T. alyssifolium, T. brevifolium, T. creticum, T. ekimii, T. pestalozzae, T. pseudaroanium, T. sandrasicum) .
Nutlet and leaf micromorphology supports this grouping. The nutlets of the second group of taxa are characterized by longitudinal ridges. G-, H-, and I-type trichomes are present on the leaves of the second group of species and T. multicaule. F-type trichomes are found on the leaves of members of the first group and T. creticum. F2-and F4-type trichomes are distributed on the nutlets of the first group of taxa. The B type is the most general type present on the nutlets and leaves of Teucrium taxa, except for the leaves of T. sandrasicum and T. brevifolium. The B type is generally present on the abaxial surface of leaves. Dinç et al. (2008) reported that only the B type was found on the nutlets of T. sandrasicum, which is confirmed by our findings. This is the most distinguishing feature of T. sandrasicum from other taxa of sect. Teucrium.
In the current study, A-type trichomes were only found on the nutlets of T. orientale var. glabrescens and T. parviflorum. However, Parolly and Eren (2007) found A-type trichomes on the nutlets of T. pseudaroanium. Type F5 is present on the adaxial side of leaves of T. creticum and T. pruinosum, and on the nutlets of T. pseudaroanium. Our results supported the results of Parolly and Eren (2007) , who also found type F5 on T. pseudaroanium nutlets. This dissimilarity is important for differentiating these 3 taxa from the others.
G-type trichomes are present on 4 taxa. According to the results of Navarro and El Oualidi (2000) , G-type trichomes were only found in sect. Chamaedrys and were absent in sect. Teucrium. Our findings thus seem to differ.
H-type trichomes can be seen on T. sandrasicum and T. alyssifolium. Our results supported the results of Dinç et al. (2008) about T. sandrasicum. The only difference is that the trichome density of the upper epidermis is not as high as that of the lower epidermis.
Micromorphological differences between leaves and nutlets allow differentiating the varieties of T. orientale, which is in agreement with the morphological observations (scale bars: a2, a4, b3, c2, c4, d2, d4, e4 = 50 µm; a1, a3, b2, b4, e2, e3 : 100 µm; b1, c1, c3, d1, d3, e1 = 400 µm). (scale bars: b2 = 20 µm; a2, a4, b1, c4, d2, e2, e4 = 50 µm; a1, b4, c2, c3, d1, d4, e1 , e3 = 100 µm; a3 = 300 µm; b3, d3 = 400 µm; c1 = 500 µm). The data presented here show that the nutlet and the leaf microcharacters are more useful in separation of Teucrium taxa of sect. Teucrium.
We think that an overall study of nutlet and leaf microcharacters of Teucrium species could be of great importance for infrageneric classification and for a better understanding of the phylogeny and the evolution of this genus.
